Two-step error-prone bypass of the (+)- and (-)-trans-anti-BPDE-N2-dG adducts by human DNA polymerases eta and kappa.
Benzo[a]pyrene is a polycyclic aromatic hydrocarbon (PAH) associated with potent carcinogenic activity. Mutagenesis induced by benzo[a]pyrene DNA adducts is believed to involve error-prone translesion synthesis opposite the lesion. However, the DNA polymerase involved in this process has not been clearly defined in eukaryotes. Here, we provide biochemical evidence suggesting a role for DNA polymerase eta (Poleta) in mutagenesis induced by benzo[a]pyrene DNA adducts in cells. Purified human Poleta predominantly inserted an A opposite a template (+)- and (-)-trans-anti-BPDE-N2-dG, two important DNA adducts of benzo[a]pyrene. Both lesions also dramatically elevated G and T mis-insertion error rates of human Poleta. Error-prone nucleotide insertion by human Poleta was more efficient opposite the (+)-trans-anti-BPDE-N2-dG adduct than opposite the (-)-trans-anti-BPDE-N2-dG. However, translesion synthesis by human Poleta largely stopped opposite the lesion and at one nucleotide downstream of the lesion (+1 extension). The limited extension synthesis of human Poleta from opposite the lesion was strongly affected by the stereochemistry of the trans-anti-BPDE-N2-dG adducts, the nucleotide opposite the lesion, and the sequence context 5' to the lesion. By combining the nucleotide insertion activity of human Poleta and the extension synthesis activity of human Polkappa, effective error-prone lesion bypass was achieved in vitro in response to the (+)- and (-)-trans-anti-BPDE-N2-dG DNA adducts.